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Fifty-five patients with sustained ventricular tachycardia 
due to prior myocardial infarction underwent intra•
operative endocardial activation mapping during ven•
tricular tachycardia to guide subendocardial resection. 
The mapping data were analyzed to determine the pat•
tern of endocardial activation during tachycardia. Of a 
total of 122 tachycardias, 101 had a pattern of activation 
assigned: in 90 (90%), endocardial activation spread 
centrifugally from a tachycardia site of origin, and 11 
(10%) had a continuous loop of electrical activity around 
an aneurysm. All patients had at least one tachycardia 
having the centrifugal spread pattern. Tachycardias with 
a continuous loop pattern had a shorter mean cycle length 
than those with a centrifugal spread pattern (260 ± 33 
versus 338 ± 81 ms, p < 0.002) and a longer duration 
Intraoperative endocardial activation mapping of sustained 
ventricular tachycardia has been used to guide localized 
surgical procedures to eradicate ventricular tachycardia (1-5). 
Activation mapping consists of sampling the local electrical 
activity from many endocardial sites, with the aim of lo•
calizing the area from which the earliest electrical activity 
emanates (the "site of origin"). Preliminary studies have 
suggested that the site of origin of ventricular tachycardia 
is focal, with spread of endocardial activation radially, al•
though the activation pattern of some tachycardias suggests 
a continuous ring of electrical activity around an aneurysm 
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of endocardial activation relative to the tachycardia cycle 
length (100 ± 0 versus 58 ± 19%, P < 0.001). There 
was no difference in preoperative patient characteristics, 
operative survival or cure of tachycardia between pa•
tients having any tachycardias of the continuous loop 
pattern and those having only centrifugal spread 
tachycardias. 
Thus, the vast majority of ventricular tachycardias 
in this group of patients are characterized by a centrif•
ugal spread of endocardial activation from a site of origin 
less than 6 cm2 in size. Mapping-guided ablative surgery 
may remove the entire tachycardia circuit in these pa•
tients and a critical portion of the circuit in the minority 
of patients with continuous loop tachycardias. 
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or infarct (l ,6). In the present study, detailed intraoperative 
endocardial activation mapping of ventricular tachycardia 
was performed before map-guided subendocardial resection 
in 55 patients. 
The purposes of this study were to determine: 1) the 
pattern of endocardial activation during ventricular tachy•
cardia of uniform configuration in human patients; 2) those 
patient or tachycardia characteristics that were associated with 
the pattern of activation; and 3) the possible influence of 
the pattern of endocardial activation during ventricular 
tachycardia on surgical outcome. 
Methods 
Study patients (Table 1). The study group consisted of 
55 patients with drug-refractory sustained (lasting> 30 sec•
onds or requiring cardioversion) ventricular tachycardia of 
uniform configuration who underwent subendocardial re•
section after intraoperative activation mapping during ven•
tricular tachycardia at the Hospital of the University of Penn•
sylvania. There were 47 men and 8 women with a mean 
age of 56 years. All had coronary artery disease with prior 
myocardial infarction (45 anterior, 10 inferior), and 49 pa-
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Table l. Study Patients 
No, of patients 
Male 
Female 
Mean age (yr) 
Prior myocardial infarction 
Anterior 
Inferior 
Left ventricular aneurysm 
Ejection fraction (%) (mean±SO) 
No. drugs failed (mean ± SO) 
55 
47 
8 
56 ± 10 
55 
45 
10 
49 
26 ± 7 
4.6 ± 1.8 
tients had a discrete left ventricular aneurysm; each had had 
at least one spontaneous episode in which a uniform ven•
tricular tachycardia configuration was documented, All pa•
tients underwent preoperative electrophysiologic study dur•
ing which ventricular tachycardia was initiated by programmed 
stimulation, Serial antiarrhythmic drug studies were then 
undertaken and in each case no drug or combination of drugs 
could be found that prevented either initiation of ventricular 
tachycardia or spontaneous ventricular tachycardia epi•
sodes. At that point. surgical intervention was planned and 
catheter endocardial mapping of as many morphologically 
distinct tachycardias as possible was performed as previ•
ously described (7). The patients in this series had a total 
of 122 morphologically distinct tachycardias endocardially 
mapped at surgery. These tachycardias are the subject of 
the present study. 
Intraoperative mapping. The operative procedure con•
sisted of ventriculotomy and induction of sustained ven•
tricular tachycardia during normothermic cardiopulmonary 
bypass. Mapping data were acquired as follows: four surface 
electrocardiographic leads as well as bipolar reference elec•
trograms from the right and left ventricles were continuously 
recorded. A hand-held bipolar probe electrode (I to 1.5 mm 
interelectrode distance) was used to sample up to 120 pre•
determined endocardial sites sequentially, Recordings were 
stored on a Honeywell 5600, 28 channel tape recorder and 
displayed in real time using an Elema 16 channel ink jet 
recorder at a paper speed of 200 mm/s. The timing of local 
electrograms was visually compared with the onset of the 
surface QRS complex-, and the site of origin of ventricular 
tachycardia was defined as the location from which the 
earliest presystolic electrogram in the latter half of diastole 
was recorded. In addition, moderate digital pressure was 
applied to selected endocardial sites during 35 tachycardias 
to determine whether any change in cycle length or cessation 
of tachycardia could be produced by local stretch. Once a 
"site of origin" had been determined for all initiated ven•
tricular tachycardias, the patient was cooled to 27°e and 
subendocardial resection carried out. Surgical resection con•
sisted of the removal of a 2 to 3 mm thick sheet of sub•
endocardium including the site of origin and a I to 1.5 cm 
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surrounding margin. In the case of multiple sites of origin, 
this could usually be accomplished in one continuous sheet, 
with a surface area of 6 to 20 cm2 . 
Postoperative study. Operative survi vors underwent re•
peat electrophysiologic study to assess the effect of surgery 
on the inducibility of ventricular tachycardia approximately 
10 to 14 days after operation. The postoperati ve electro•
physiologic study consisted of rapid ventricular pacing to a 
cycle length of 250 ms, as well as introduction of single 
and double extrastimuli during at least two paced cycle 
lengths from two right ventricular and one to two left ven•
tricular sites; triple extrastimuli were applied when neces•
sary (45 patients). If a uniform morphology tachycardia 
could be reproducibly initiated during this study (see Def•
initions), serial antiarrhythmic drug studies were undertaken 
and their effectiveness in suppressing inducibility of tachy•
cardia was assessed by further electrophysiologic study. 
Data analysis. After the surgical procedure, the map•
ping data were analyzed as follows: the timing of the onset 
and rapid deflection, if present (see Definitions), of elec•
trograms at each site were measured by hand relative to the 
onset of the surface QRS complex (Fig. I). The onset of 
the QRS complex was taken as the earliest reproducible 
deflection from the baseline in any surface electrocardio•
graphic lead recorded. The end of the QRS complex was 
similarly determined. In difficult cases (rapid tachycardias 
or very wide QRS complexes), the onset could usually be 
determined on the first tachycardia beat occurring after a 
premature extrastimulus or a train of rapid ventricular pac•
ing, and the end of the QRS complex could usually be 
determined on the last tachycardia beat if it terminated spon•
taneously. Subsequent measurements in these cases were 
then made relative to one of the constant reference electro•
grams. The reproducibility of the probe electro graphic mea-
Figure I. Local electrographic measurements during ventricular 
tachycardia. Four surface electrocardiographic leads (I, II, III and 
Y 5R). right (RY A) and left (L Y) ventricular reference electrograms 
and the roving probe are shown. The vertical dotted line marks 
the onset of the QRS complex, the thin arrow marks the onset 
of the local electrogram and the curved arrow marks the rapid 
deflection. A I mY calibration reference is shown on the right. 
(Traced from original.) 
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Figure 2. Top, The left ventricle is shown in a slight left anterior 
oblique view after aneurysmotomy. The 12 points of a c10ckface 
are arranged around the edge of the aneurysmotol11Y, and four 
imaginary vertical planes recessed at I em intervals from this edge 
co~stitute the diagram shown in the bottom panel. Bottom, The 
central hole represents the aneurysmotomy, and the base of the 
heart is toward the outer of the concentric circles. The septum is 
to the left, the anterior wall to the upper right and the inferior 
wall to the lo~er right. 
surements WflS ± 6 ms. At sites where no repetitive elec•
trogram was obtained, no measurements were recorded. 
These data were recorded in milliseconds and plotted on a 
clockface diagram (Fig. 2). 
Once all th~ data were plotted for each individual tachy•
cardia, isochronic lines connecting points of equivalent tim•
ing were drawn at 20 ms intervals. Separate isochronic maps 
using electrographic onset and rapid deflection were con•
structed for each tachycardia. There were no significant 
differences between the two methods of measure~ent in the 
overall shape of the isqchronal maps. A pattern of activation 
was then assigned to each tacp.ycardia (see Defi~itiQns). 
Definitions. 1) Site of origin of ventricular tachycar•
dia: the endocardial site having the earliest recorded pre•
systolic electrical activity in the latter half of diastole. This 
was generally an area of 1 to 3 cm2. 
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2) Morphologically distinct tachycardias: two or more 
tachycardias with either a contralateral bl.mdle branch block 
pattern or a QRS axis more than 90° divergent. 
3) Local electrogram onset: the initial deviation of elec•
trical activity from the baseline, occurring in at least three 
consecutive beats. 
4) Local electrogram rapid deflection: the point at which 
the ~lectrical activity with the largest rapid de~ection (max•
iITIal dV/dt) crossed the baseline. Electrogram alTlplitude had 
to arbitrarily exceed I m V and be r~produced on at least 
three consecutive beats. 
5) Centrifugal spread pattern: the endocardial activation 
pattern in which el~ctrical activity radiated in 'lll directions 
from II site of origin. . 
6) (;ontinuous loop pattern: the enpocardial activation 
pattern in which electrical activity proceeded in one direc•
tion around an aneurysm border. The cycle length of a 
tachycardia was equal to one circuit time around the loop. 
7) Postoperative inducible ventricular tachycardia: a re•
producibly initiated ve'1tricular tachycarqia of uniform con•
figuration lasting more than 30 seconds. 
Statistic~. Statistical analyses were performed 4sing the 
chi-square test with Yates' correction for continuity and the 
Student's unpaired t test where appropriate. Comparisons 
having a probability (p) value of less than 0.05 were cqn•
sidered to be significantly different. Long-term survival 
comparisons were made using a Mantel-Cox analysis. 
, . , 
Results 
Patterns of endocardial activation during ventri~u~ar 
tachycardia. A total of 122 distinct ventriCl-lIar tachycardia 
configurations were mapped in the 55 patients. Of these, 
21 (17%) could not be assigned a pattern of activation be•
causf! too few sites were mapped. The most common en•
docardial activation pattern was one of centrifugal spread 
from a site of origin, which accounted for 90 tachycardias 
in 51 patients, or 90% of the tachycardias to which a pattern 
could be qssigned. The continuous loop pattern of endo•
cardial activation was observed in 11 tachycardias in 10 
patients, and accounted for 10% of the tachycardias to which 
a pattern could be assigned. Examples of each pattern are 
shown in Figure 3 (centrifugal spread pattern) and Figure 
4 (continuous loop pattern). Figure 5 displays the map of a 
tachycardia to Which no pattern could be assigned because 
the isochronic map could not be completed as a result of 
an inadequate nt-!mber of data points. This tachycardia may 
have had a contipuous loop pattern, but could equally rep•
r-esent centrifugal ~pread of activation from the site of origin 
(at approximately 5 p'clock on the diagram). 
A patte~ of activation could b~ determined for at least 
one tachycardia in each patient. All patients in whom the 
continuous loop patte~ was observed also hap at least one 
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Figure 3. Centrifugal spread pattern of endocardial activation. 
Top, Thr~e surface electrocardiographic leads obtained during this 
tachycardia are shown. The vertical dotted line denotes the onset 
of the QRS complex, the small black arrow marks the end of the 
QRS complex and the open arrow denotes mid-electrical diastole. 
Bottom, The endocardial activation sequence of this tachycardia 
is shown on the clockface diagram derived as in Figure 2. The 
earliest electrical activity (approximately 80 ms before the onset 
of the surface QRS complex) was recorded at approximately 5 
o'clock on this diagram. Note the orderly spread of activation in 
both directions around the aneurysmotomy from the site of origin. 
ANT = anterior; CL = cycle length; INF = inferior. 
other tachycardia in which the centrifugal spread pattern 
waS observed. 
Characteristics of patterns of endocardial activa•
tion. Several characteristics of tachycardias with each pat•
tern of endocardial activation are compared in Table 2. 
Ventricular tachycardias with a continuous loop pattern of 
activation had a shorter mean cycle length thart tachycardias 
having a centrifugal spread pattern (260 ± 33 versus 338 
± 81 ms, p < 0.002), In addition, the duration of endo•
cardial activation among tachycardias with a continuous 
loop pattern (by definition, 100% of the tachycardia cycle 
length) was significantly longer than the endocardial acti•
vatibn among tachycardias with a centrifugal spread pattern 
of activation (58% of the tachycardia cycle length). 
Tachycardias having a continuous loop pattern were more 
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Figure 4. Continuous loop pattern of endocardial acti...ation, Top, 
Four surface electrocardiographic leads duririg this tachycardia are 
shown utilizing the same format as in Figure 3. Bottom, The 
endocardial activation sequence during this tachycardia is shown. 
Electrical activity could be recorded throughout the cardiac cycle; 
the defined site of origin occurred at approximately 2 o'dock on 
this diagram, where electrical activity was recorded just after the 
midpoint of electrical diastole. Activation spreads from this area 
in a clockwise direction. In addition, the cycle length (CL) of the 
tachycardia (330 ms) is the same time required for one complete 
loop of endocardial activation arouhd the aneurysm. ANT = an•
terior; INF = inferior. 
likely to be observed for the first time intraoperatively rather 
than spontaneously before surgery (6 of II tachycardias) 
than were tachycardias with a centrifugal spread pattern (24 
of 90 tachycardias); however, this difference was not sta•
tistically significant. Finally, there was no difference In the 
mean number of sites mapped or the incidence of tachycardia 
inducibility at the postoperative electrophysiologic study 
between the two patterns of activation. 
Patients who had at least one episode of tachycardia with 
a continuous loop pattern were compared with patients whose 
tachycardias had only the centrifugal spread pattern (Table 
3), There was no predominant site of previous myocardial 
infarction in either group nor any difference between groups 
in preoperative angiographic variables (presence of aneu•
rysm, ejection fraction or number of diseased coronary ves-
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Figure 5. No assigned pattern of endocardial activation. Top, 
Four surface electrocardiographic leads during veritricular tachy•
cardia utilizing the same format as in Figure 3. Bottom, Endo•
cardial activation during this ventriCUlar tachycardia. Earliest ac•
tivation occurred at approximately 5 o'clock, with activation 
spreading in a counterclockwise direction from this point, sug•
gesting the continuous loop pattern. However, no data were ac•
quired froin approximately 6 o'Clock through 8 o'clock. It is pos•
sible that activation also spread in a clockwise direction from the 
site of origin, suggesting the centrifugal spread pattern. Because 
the data were inconclusive, no pattern of activation was assigned. 
CL = cycle length. 
sels). In addition, there was no difference in operative or 
late mortality. 
Digital pressure was applied to several endocardial sites 
during 35 episodes of tachycardia in 25 patients. In four 
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tachycardias with a continuous loop pattern of activation, 
digital pressure at several points around the aneurysm slowed 
or terminated the tachycardia. In 22 tachycardias having a 
centrifugal spread activation pattern, digital pressure at the 
site of origin, but not at sites only I em away, slowed or 
terminated the tachycardia. In nine tachycardias, digital 
pressure during the tachycardia had no effect; all of these 
tachycardias had a centrifugal spread pattern of activation. 
One patient had two continuous loop tachycardias, orie 
with an inferior axis and the other with a superior axis (both 
with a right bundle branch block pattern). The cycle lengths 
were similar (270 and 280 ms, respectively). The wave front 
circulated in the same direction around the aneurysm in 
each, but the respective areas of mid-diastolic electrical 
activity were 2 to 3 em distant. 
Finally, in patients who had at least one tachycardia 
displaying each pattern of activation, the site of origin (that 
is, earliest presystolic activity in the latter half of diastole) 
of the continuous loop pattern tachycardia was always within 
1.5 em of the site of origin of at least one centrifugal spread 
pattern tachycardia. 
Discussion 
Current evidence (8,9) suggests that sustain.ed ventricular 
tachycardIa in the setting of prior myocardial infarction is 
due to reentry, but the size of the presumed reentrant circuit 
is unknown. Previous work in dog models of sustained 
ventricular tachycardia produced by coronary occlusion (10) 
as well as preliminary studies in humans with sustained 
ventricular tachycardia (1,4) have suggested that activation 
during most tachycardias spreads centrifugally from a site 
of origin. The present study confirms these findings and 
implies a rather small circuit, most of which may be con•
tained within 4 to 6 cm2 of the two-dimensional endocardial 
surface. Other lines of evidence also suggest a small circuit 
size for the majority of tachycardias in human patients. First, 
intraoperative modification of local electrophysiologic prop•
erties at the site of origin (but not at sites as close as I to 
2 em away), such as digital pressure or transient cooling 
with a cryoprobe (11), can terminate ventricular tachycar•
dia. Second, tachycardias can be eradicated by resection of 
a very small area of subendocardium, often 4 to 6 cm2 • 
Table 2. Characteristics of Endocardial Activation Patterns in Ventricular Tachycardia 
DEA (ms) VT First Observed 
Cycle Divided by Cycle No. of Sites Inducible VT 
Pattern Length (ms) Length (ms) Mapped Spont. EPS OR Postop* 
Continuous loop (n = II) 260 ± 33 100 ± 0% 51 ± 25 2 3 6 o of 9 (0%) 
Centrifugal spread (n = 90) 338 ± 81 58 ± 19% 42 ± 24 48 18 24 II of 76 (14%) 
P value <0.002 <0.001 NS NS NS 
*Among operative survivors. DEA = duration of endocardial activation; EPS = electrophysiologic study; NS = not significant; OR = operating 
room; Postop = postoperatively; Spont. = spontaneously; VT = ventricular tachycardia. 
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Table 3. Patient Characteristics According to Pattern of Activation 
Pattern 
Any continuous loop VT 
(n= 10) 
Only centrifugal spread VT 
(n=45) 
p value 
MI Location 
Anterior Inferior 
9 
36 9 
NS 
Aneurysm 
l) 
40 
NS 
Ejection 
Fraction (%) 
2X 4- 7 
26 ± X 
NS 
Mean 
Operative* Total Survival 
Deaths Deaths (mo) 
I (IO'!'() 2 (20%) 59 ± 13 
4 (9'!'() 10 (22°k.) 44 ± 5 
NS NS NS 
*Operative death = death within first 30 days of surgery. MI = myocardial infarction; NS = not significant; VT = ventricular tachycardia. 
Continuous loop pattern of activation. Our study shows 
that a minority of tachycardias in human patients have a 
continuous loop pattern of endocardial activation, with an 
obligatory circuit size larger than that implied by a centrif•
ugal spread pattern. These tachycardias differed from those 
with a centrifugal spread activation pattern in that they had 
a shorter mean cycle length and, by definition, a more pro•
longed duration of endocardial activation relative to the 
tachycardia cycle length. Tachycardias of each activation 
pattern also differed with respect to the response to digital 
endocardial pressure. In vitro studies (12) have suggested 
that increasing amounts of stretch in ventricular muscle can 
cause significant decreases in the conduction velocity of 
impulses by both depressing resting membrane potential and 
decreasing phase 0 upstroke velocity. 
In the present study, digital pressure at several points 
around the aneurysm occasionally either slowed (three cases) 
or terminated (one case) the continuous loop pattern tachy•
cardia, in contrast to the unique site of pressure termination 
characteristic of tachycardias showing centrifugal spread. 
This latter evidence suggests that at least in these instances. 
the continuous loop pattern of activation observed was not 
due to unidirectional block from a site of origin, with spread 
of activation in only one direction around the aneurysm (Fig. 
6). These conditions could conceivably lead to the observed 
continuous loop activation pattern, but the likelihood of 
observing a I: I correspondence between the cycle length 
of the tachycardia and the time required for one complete 
circuit around the aneurysm in all II cases seems remote. 
The fact that digital pressure terminated the tachycardia 
in one case suggests that the wave front of activation was 
relatively isolated from the surrounding myocardium: oth•
erwise the wave front would probably have circumvented 
the area where pressure was applied and taken an alternative 
pathway. This pathway may conduct more slowly (other•
wise it would be preferential), leading to a slowing of the 
tachycardia as was seen in three other cases. However, we 
have no data to either confirm or refute these possibilities. 
The initiation of a continuous loop tachycardia should 
require a wide area of transmural block through which the 
wave front propagating around the aneurysm could reenter. 
In cases of inferior wall aneurysm, a narrow corridor of 
surviving tissue between the basal edge of the scar and mitral 
anulus could serve as the area of block, but this is more 
difficult to envision in cases of apical aneurysm. Proof of 
this hypothesis would require simultaneous recording of 
multiple sites during the initiation of tachycardia, which 
was not done in this study. Further investigation is thus 
necessary on the mode of initiation and perpetuation of the 
continuous loop pattern tachycardia. 
Some o{ the tachycardias classified as having an "un•
clear" pattern (){activation in this series may have actually 
had a continuous loop pattern. The strict criterion for clas•
sifying a tachycardia as having a continuous loop pattern 
(cycle length = time for one complete loop around the 
circuit) may have led to an underestimation of the prevalence 
of this pattern. For example, in Figure 5, the isochronic 
map suggests a continuous loop of electrical activity would 
be present if data were available for the remaining sites on 
the diagram, but the portion of the tachycardia cycle length 
(175 ms) needed to complete the loop is quite long. How•
ever, this type of isochronic map was present in only five 
tachycardias from the "unclear" pattern group and, thus, 
would not markedly alter the relative prevalences of the 
two patterns of activation. 
Figure 6. Continuous loop pattern (left) versus centrifugal spread 
with unidirectional block (right). On the left is a representation 
of the spread of electrical activity in a tachycardia with the con•
tinuous loop pattern (see Fig. 4). On the right, a nearly identical 
spread of activation is shown except for a small area at 2 o'clock, 
where the impUlse spreads in the opposite (counterclockwise) di•
rection but immediately blocks. If no activation times were ob•
tained in the very small area around the site of block, this tachy•
cardia would be classified as having a continuous loop pattern. 
--
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Centrifugal spread patterns with unidirectional block. It 
is conceivable that some of the tachycardias in the contin•
uous loop group actually had a centrifugal spread pattern 
with unidirectional block at one edge of the site of origin, 
and propagation of the impulse in the opposite direction 
around the aneurysm edge (Fig. 6). This would lead to an 
overestimation of the prevalence of continuous loop tachy•
cardias. Although this possibility seems unlikely, it is very 
difficult to exclude. Definitive proof that the tachycardia 
requires the entire loop would consist of introducing tran•
sient reversible modifications at several points in the circuit, 
demonstrating that each point is necessary in the circuit. 
These modifications, which would include digital pressure, 
transient cooling with a cryoprobe (II) or electrical stim•
ulation during the tachycardia (premature extrastimuli or 
transient entrainment), were not used systematically in this 
study and, thus, we cannot comment on their effects in these 
tachycardias as a group. 
Cycle length. We have no good explanation for the find•
ing of a more rapid cycle length in tachycardias with the 
continuous loop as compared with those with the centrifugal 
spread pattern. A possible explanation is that there is rel•
atively less slowly conducting tissue incorporated into the 
larger circuit of the continuous loop pattern tachycardias. 
Tachycardias with a centrifugal spread pattern had a longer 
cycle length but a presumed shorter circuit length, implying 
a very slow mean conduction velocity throughout the circuit. 
In contrast, a tachycardia circuit composed largely of tissue 
with a more normal conduction velocity would require an 
area of slow conduction only large enough to allow for 
recovery of refractoriness on the distal side of the area of 
slow conduction (Fig. 4). All tachycardias having the con•
tinuous loop pattern displayed such an area of very slow 
conduction. 
Comparison with previous studies. In an earlier report 
from this institution (I) using somewhat less detailed map•
ping, we found similar proportions of tachycardias with each 
endocardial activation pattern (3 [12%] of 25 had a contin•
uous loop pattern). DeBakker et al. (4) found no instances 
of a tachycardia with a continuous loop activation pattern 
using a multipolar electrode-studded Latex balloon in 22 
patients. All tachycardias appeared to have a centrifugal 
spread of activity from the site of origin. The total number 
of tachycardias mapped in their series, however, is unclear. 
In a preliminary report, Mason et al. (6) retrospectively 
reviewed their mapping experience in 71 patients undergo•
ing surgery for ventricular tachycardia. The number of map•
ping sites recorded for each tachycardia was not given. 
However, these investigators reported a 30% incidence of 
patients having a continuous loop pattern of activation 
("macroreentry"). Thirty-five percent of their patients had 
a pattern of activation consistent with centrifugal spread 
("focal"), and in the remaining 35% of their patients, no 
pattern of activation could be assigned. They observed a 
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disproportionate number of patients with inferior wall myo•
cardial infarction among those with "macroreentry" (in 
contrast to the present series in which there was no relation 
between location of myocardial infarction and pattern of 
activation during ventricular tachycardia). Mason et al. (6) 
also had a higher percent of patients in their series with 
inferior wall infarction (33 [46%] of 71 versus 10 [18% J of 
55 in the present series). Differences in patient groups may 
have accounted for some of the differences in findings be•
tween the two studies. Lastly, Mason et al. (6) found no 
difference in tachycardia recurrence rate after operation be•
tween the two patterns of activation, which is in agreement 
with the findings of the present study. The type of surgery 
used was variable, and the method used to guide surgery 
was not described. 
Other workers (13,14) have reported isolated cases of 
ventricular tachycardia termed' 'macroreentrant," in which 
the circuit consisted of the bundle branches of the specialized 
conduction system. In our series, we made no attempt to 
record bundle branch potentials intraoperatively and, thus, 
cannot comment directly on whether any of our tachycardias 
could have had this mechanism. Many of the resections in 
this series, however, were carried out in areas distant from 
the bundle branches and fascicles (apical or posterobasal 
regions), yet resulted in termination of the tachycardias. 
Additionally, there was a low incidence of postoperative 
surface electrocardiographic manifestations of fascicular or 
bundle branch injury (7% each) in a previous study from 
this institution (15). Thus, a large circuit consisting mainly 
of specialized conducting tissue does not seem to be a com•
mon occurrence in this group of patients. 
Limitations. One limitation in this study was the method 
of data acquisition, namely, single site sequential activation 
mapping. The resolving power of isochronic maps derived 
using this method is, at best, a 3 to 5 cm2 area. Because of 
this, no statement can be made regarding the actual pathway 
taken by impulses within this area during tachycardia. Re•
section of a small area of tissue cured a majority of patients 
in this series, suggesting that the circuit was interrupted by 
the surgical procedure, but we cannot determine whether 
all or only a part of the circuit was removed in the tachy•
cardias with a centrifugal spread pattern. Intramural re•
cordings were not routinely obtained, and it is quite possible 
that at least some of the tachycardia circuit in humans is 
intramural. The use of multipolar electrode arrays with si•
multaneous recordings during tachycardia (4), as well as 
intramural recordings, may resolve the questions of circuit 
size and pathway. 
Another limitation in this study was the method of data 
analysis. Electrographic measurements made by hand are 
subject to slight errors, as is consistency in determining the 
onset and end of the surface QRS complex from site to site. 
Reproducibility of measurements in our laboratory is ± 6 
ms when recording at a paper speed of 200 mmls and, thus, 
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we believe plotting the data using 20 ms isochrones is valid. 
However, this affords only a rough idea of the course taken 
by electrical impulses during tachycardia. 
Finally, the term "site (~f origin" loses all meaning in 
tachycardias having a continuous loop pattern since a circle 
has no origin or termination. We arbitrarily defined the site 
of origin in this series as the endocardial site having the 
earliest electrogram in the latter half of diastole. In each 
tachycardia that manifested the continuous loop pattern in 
this series, this site was located within or just after an area 
of extremely slow conduction (see Fig. 4; note very close 
isochrones, indicative of very slow conduction, just pre•
ceding the defined site of origin). The surgical resection of 
this region in these cases included the area manifesting very 
slow conduction. This would suggest that a relatively small 
but critically important portion of the tachycardia circuit 
was removed in those tachycardias with a continuous loop 
pattern of activation. Thus, finding an area with this late 
diastolic electrical activity during activation mapping is clin•
ically useful regardless of whether the tachycardia is sub•
sequently determined to have a continuous loop or centrif•
ugal spread pattern of activation. This contention must be 
tempered somewhat in that areas with late diastolic electrical 
activity are occasionally surrounded by sites with markedly 
different timing, suggesting they may be unrelated to the 
perpetuation of the tachycardias. Although the term "site 
of origin" may no longer be appropriate, the area of en•
docardium it describes (that having late diastolic electrical 
activity) is still the region of interest in ventricular tachy•
cardia in patients, and is in or near an area of very slow 
conduction during tachycardia. It is unclear whether an area 
of very slow conduction in sinus rhythm or ventricular 
tachycardia may provide a marker to identify the tissue that 
should be resected, and more work is needed in this area. 
Conclusions. 1) In patients with sustained ventricular 
tachycardia due to prior myocardial infarction, the pattern 
of endocardial activation during ventricular tachycardia is 
usually centrifugal spread from a site of origin, although a 
minority of tachycardias demonstrate a continuous loop pat•
tern of activation. 2) Ventricular tachycardia that has a con•
tinuous loop activation pattern tends to have a shorter mean 
cycle length than do tachycardias having a centrifugal spread 
pattern; the significance of this finding is unclear. 3) The 
ability of subendocardial resection to abolish ventricular 
tachycardia is independent of the observed pattern of en•
docardial activation during ventricular tachycardia. 4) These 
data suggest that successful subendocardial resection for 
ventricular tachycardia may remove a large portion of the 
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tachycardia circuit when the activation pattern suggests cen•
trifugal spread from the site of origin, whereas only a crit•
ical, relatively small part of the circuit is removed when the 
activation pattern suggests a large continuous loop around 
an aneurysm edge. 
We thank Linda Pentz and Nancy Walker for excellent secretarial assistance 
and preparation of the manuscript. 
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